Ergonomic evaluation of subjects involved in orange handling operation in Kano State was conducted. Anthropometric parameters were evaluated, where they were found to vary with age amongst the subjects selected. 20 th and 80 th percentiles of the dimensions were computed and recommended for usage in design of the relevant orange handling equipment. To evaluate the Physiological parameters, sorting/grading operations and washing operations were selected for this study. Results obtained revealed that, heart beat rate, oxygen consumption and energy expenditure varied amongst the subjects with age. Muscular stress and postural disorder were also studied. Comparing the parameters obtained during sorting/grading operation and that obtained during washing operations revealed that orange operations resulted to superior drudgery and musculoskeletal disorders.
market is a market specialized in fruit selling, and having orange as it major commodity, hence it is named Yanlemo (Badayi and Said, 2012) . It is located at Naibawa area of Kumbotso Local Government area of Kano State, is part of the Market in the Metropolis of the State. Yanlemo Market is a third-generation market created in 1977. It is a regional Market as other trader from other neighboring States also patronize the Market. Study conducted in this Market by Zahraddeen in 2015 revealed that orange handling operations (loading, unloading, transporting, sorting, grading, washing, packaging and storage) are characterized with drudgery as the operations are usually done manually and takes a lot of time to accomplish the task. However, his findings did not give details about the said drudgery in terms of energy expenditure, muscular stresses and postural discomfort. Thus, this study aimed at conducting ergonomic evaluation on the subjects involved in these handling operations so as to establish the actual status quo. The study therefore specifically aimed at; (i) determining the anthropometric parameters (height, arm length and weight) of subjects involved in orange handling operations in Yanlemo Market and (ii) determining the physiological parameters (blood pressure, heart beat, oxygen consumption, energy expenditure, muscular stress/postural discomfort) of the subjects involved in the handling operations in Yanlemo Market.
The findings of this study could provide detail information in terms of the anthropometrics of the people involved and the drudgery involved with the present methods used in carrying out the orange handling activities.
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Also, the information will be useful in design and fabrication of the related machines and as a basis for comparing the drudgery of the traditional methods and the machine to be developed. 
MATERIALS AND METHODS Materials Used in the Study

METHODS
Study Area
Yanlemo Market which is located at Naibawa area of Kumbotso Local Government area of Kano State. The State is the second largest in terms of commercial activities in the Country. It has commerce as the second largest sector of its economy after Agriculture.
The Yanlemo Market is part of the market in the Metropolis of the State. It is located at Naibawa Area of the Local Government, which is along Kano -Zaria Road, some kilometers from the city capital.
Selection of Subjects
A total of twenty-five (25) male subjects were selected at random five (5) from the following age group; 10-18, 19-27, 28-36, 37-45, 46 -Above and from different locations of the Study Area.
Determination of Anthropometric Parameters of the Subjects
The anthropometric parameters evaluated includes; standing height, arm length and weight. Five (5) measurements from each age group were measured and documented.
Determination of Physiological Parameters of the Subject
Parameters evaluated were; blood pressure, heart beat, oxygen consumption, energy expenditure and muscular stress/postural discomfort. Stethoscope was used for measuring the heart beats. Each subject physiological parameter was measured and recorded before and after each sorting/grading and washing operation, as reported by Ademola (2015) . The oxygen consumption rate of the subjects was estimated using methods reported by Ademola (2015) with equation 2.1.
Where; Y is the oxygen consumption (L/min), X is the heart beat rate after handling operation (Beats/min). Also, the energy expenditure was calculated using the formula given in (Equation 2); EE = (0.159 × HR) -8.72 ……………………………………………………………... (2) Where; EE is the energy expenditure (kJ/min) and HR is the heart beat rate after handling operation (beats/min). Assessment of postural discomfort included overall discomfort rating (ODR) and body part discomfort score (BPDS) was done as published by Corlett and Bishop (1976) . After each of the operations, the subjects were asked to describe their body discomfort. For the assessment of ODR, a 5 -point psychophysical rating scale (1 -very mild, 5 -very severe) was used. The overall discomfort ratings given by each of the twenty-five (25) subjects was recorded. The template for severity and body regions and abbreviations were adopted from Corlett and Bishop (1976) as given in Table 1 and 2 respectively. Analysis of the Result Results obtained were analyzed using mean, range and percentiles.
RESULTS AND DISCUSSION Anthropometrics Dimensions of the Subjects
The body weight of the subjects was observed to increase with age from age group 10 -18 to 37 -45, while there was a decline in body weight from age group 46 -above. Maximum body weight was observed from age group 37 -45. The arm length increases with an increase in age while no definite pattern was noticed for the variation in height within the age group. Similar results were obtained by AvilaCarvalho et al., (2012) , Mugisa et al., (2016) and Syuab (2015) . The result of the anthropometric data for the subjects, and relationship of age on the anthropometric data of the subjects is presented in the Table 3 . 
Physiological Evaluation of the Subjects
The result obtained for the physiological evaluation of the subjects Heart beat rate at normal rest position and after the sorting and grading operation is represented by Table 4 . While Figure 1 represent a chart showing the relationship between the increase in the average heart beat rate per minute of the subjects before and after sorting and grading operation in relationship to the subjects age group.
Average heart beat (Beats/min) and energy expenditure (KJ/min) were found to increase with increase in age of the respondents. Increase in average heart beat from 66.8 to 78 beats/min was recorded and increase in energy expenditure from 1.9012 to 3.6821 KJ/min was also recorded for the different age groups considered in this study. Similar trend of variation of heart beat rate with age for workers was reported by Tycho et al., (2007) . Also from the result obtained, it is observed that there was more difference in the heart beat rate from the age group of 28 -36 and above compare to 19 -27 and below after the operation. The result obtained for the physiological evaluation of the subject's heart beat rate at normal rest position and after the washing operation is shown in Table 5 . While figure 2 represent a chart showing the relationship between the increase in the average heart beat rate per minute of the subjects before and after handling operation in relationship to the subjects age group. Also from the result obtained, it is observed that there was more difference in the heart beat rate from the age group of 28 -36 and above when compared to 19 -27 and below after the operation. This trend has also been established by Tycho
. From the analysis, the results have shown that more energy is been expended during the washing operation compared to the sorting/grading operation. It has also revealed that more energy expenditure occurs between the age group of 10 -18 and 45 -above. Figure 3 represent a chart showing this analysis. Similar trend of variation of energy expenditure with age for workers was reported by Tycho et al., (2007) . Operation Against Age Group For the Assessment of body parts discomfort of the subjects during the operations, result obtained revealed that, 23 out of 25 subjects which represents 92% complained of lower back pain after the during the sorting and grading operation, followed by 19 out of 25 subjects which represent 76% complained of neck pain and upper arm pain. These could be attributed to the poor posture experienced during the operation. Similar findings were published by Saemee and Karen (2016) . Figure 4 shows data for muscular and postural discomfort for sorting/grading operation.
Figure 4: Chart Representing Muscular and Postural Discomfort for Sorting/Grading
From the result obtained, 23 out of 25 subjects which represents 92% complained of lower back pain after the operation, followed by 21 out of 25 subjects which represent 84% complained of upper arm pain, while 19 out of the 25 subjects which represent 76% complain of Palm/Finger pain. These could be attributed to the poor posture experienced during the operation. Similar findings were published by Saemee and Karen (2016) . Figure 5 shows data for muscular and postural discomfort for sorting/grading operation. 
CONCLUSIONS AND RECOMMENDATION
The ergonomic evaluation of subjects involved in orange handling operation was conducted and the following conclusions were drawn; i. All the anthropometric parameters of the subjects recorded were found to increase with age. ii.
The heartbeat rate, oxygen consumption and energy expenditure of the subjects were also found to increase with increase in age of the subjects. Especially the heart rate. iii.
Almost all the subjects involved in the orange handling operations complained of pains in various parts of their body, lower back pain was recorded to be the commonest amongst the subjects. Therefore, the following recommendations were raised; i. While designing any orange handling equipment/ machine, 20 th percentile values obtained should be used for design where the lower limit is the restrictive factor and 80 th percentile for design where the upper limit is the restrictive factor, with respect to the targeted age groups must be considered for efficiency and comport.
ii. Appropriate power source must be use while designing any orange handling equipment/machine especially for higher age groups for comfortability, safety, suitability and reduced the drudgery. iii.
Appropriate posture should be considered while developing any orange handling equipment/machine. To prevent body pains as a result of musculoskeletal disorders that results from poor working posture. Contribution of Authors: All the authors involved in this paper have contributed to the success of this study.
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